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Abstract 


The synoptic appearance of solar ancnetlc sectors is studied 
uslsf 454 sector boundaries observed at earth during 1959-197 3. The 
sectors are ciearly vlslbl< In the photospberlc nacnetlc field. Sector 
boundaries can be clearly Identified as north-south ninnlnf dennrcatlon 
lines betveen regions of persistent nagnetlc polarity Inhalances. These 
melons extend up to about 35*^f latitude on both sides of the eouatOT. 
They eenerally do not extend Into the polar caps. The polar cap boundaiy 
can be Identified as an east-west denarcatlon line narklnf the polewnrd 
Unit of the sectors . The typical flux Inbalance for a aacnetlc sector 
Is about 4 X 10^^ aaxwells. ^ 
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Th« Sun's Mscnetln Sector Structure 


by 

Leif Svnlgaerd 
John M. Vilcoot 
mi Ip H. Scherrer 
Institute for Plnssst Research 
Stanford Unleerslty 
Stanford, California 94305 

and 

Robert Hoaard 
Hale Observatories 
l%sadena, California 91101 

Tlie Interplanetary aacnetlc field orlclnates In the sun and has been 
found (Wilcox and Hess, 1965) to be orfanlzed Into loncllved and large- 
scale sectors of predosilaantly unipolar fields. The nagnetlc field struc- 
ture corotates with the sun and evolves only slowly with tine (e.g. Svnl- 
gaard and Wilcox, 1975). A slnilar ordering of the solar nagnetlc fields 
has been denoastrated (Wilcox and Howard, 1968; Sever n y et al . , 1970; 
Scherrer, 1973). These studies reveal a large-scale pattern In the photo- 
spheric nagnetlc field extending over a vide range of hellographlc lati- 
tude on both sides of the equator. The boundary between oppositely dir- 
ected fields was found to be nearly north-south creasing the equator. Such 
boundarl».« have been Identified In conputed coronal nagnetlc field (Wilcox 
and Svalgaard, 1974) and associated with density enhancensnts of the white- 
light corona near the sun by Hansen et al. (1974) and further observed as 
distinct coronal strea n srs between 3 and 10 solar radl'i froa the center of 
the aun by H oward and Koonen (1974). All these observations have been 
organized by Svalgaard et al . (1974) into a slnple aodel of large-scale 
solar nagnetlc fields. We note that the sector structure of these fields 
exerts a controlling irifluence in shaping nagnetlc fields fron the botton 
of the photosphere through* the corona and Into Interplanetary space to 
Jupiter and beyond. 

The large-scale nature of these fields Is clearly Illustrated by the 
fact that the sector structure becoaas Increasingly nore difficult to observe 
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•s Bpatlal resolutloa IncrMsea. It is in fact aarbe best observed vith 
no spatial resolutloa at all - observing the sun as a star, with increas- 
ing resolution we always find a oore ccwpllcated oairnetlc structure; even 
the polar reflons and the classical unipolar nafnetlc regions (ums) are 
seen to Include aacnetlc sleaents of both polarities and even to be popu- 
lated by tiny bipolar features (Bunba and Howard, 1965; Severny, 1967; 

Harvey et al . ,1975). There is now a grasrlns acceptance of a further com- 
pllcatlon, nanely that nost. If not all, observed nacnetlc flux outside 
sunspots Is concentrated Into very sasill (<1 arc sec) luiots, noraally not 
resolved by solar aasnetoKi*aphs. The field strength In these knots Is 
very hlfh, of the order of 2000 causs (Stenflo, 1973; Frazier, 1&71). 
Altbouih solar aacnetocraphs , such as the one at Ht. Wilson, record ex- 
tended regions of weak 'background' fields of only about 1-5 gauss field 
strength, such regions should not be considered to be unipolar weak field 
areas. The nagnetograph is basically a flux neasuring device and will re- 
cord the nagnetic flux integrated over the aperture of the instrueent. If 
the nunber of positive polarity (field directed away fron the sun) eleeents 
or knots exceeds the nunber of negative eleswnts, the nagnetograph Till 
generally neasure a positive excess flux for the integrating area. It is 
this Inbalance - as seen by solar nagnetographs - that has been found to 
be ordered in large-scale sectors. It Is also this inbalance that controls 
the structure of the nagnetic field In the solar wind. 

In the present study we shall utilise solar nagnetograsis obtained over 
the 15-year interval 1959-1973 at Mt. Wilson Observatory t<^ confim and ex- 
tend previous conclusions about the sector-structured solar angnetlc fields. 
The analysis covers 1) sunspot cycles and uses data - solar as well as 
interplanetary - that are obtained with different techniques and with In- 
proving quality over the years. These factors do not, however, seen to 
have any significant influence on the results, which appear to be largely 
independent of the observing techniques and of sunspot cycle phase. The 
solar nagnetograns are used to construct synoptic naps of the nagnetic 
field distribution in hellographlc latitude and longitude for each 
Carrington rotation in tlie 15-year Interval analyzed. The hellographlc 
longitudes of the solar sector boundaries were detemined by adding 60** to 
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oalBtoBco aad atablllty of aoctora at aanopot alalnna. Largo-acalo aad laug- 
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Booo of aogatlwo (loading) polarity caa bo ooea ortoadlag thrnugti tho p>jol- 
tlwe aoctor of tho (•*-,-) ooetor-palr during 1985-1880. 
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l fa rr»y »t »1 . (1975) •ztmdcd ttelr wrlisr (Itanrvy and Martin, 1973) 
study of Bphaurral Eafloas (Bl). Thasa ara vary aaall bipolar rollons 
found all oaar ttaa solar surfaca; hundrads of IRs am pmsant on tha sun 
at any tlm amn la tba polar racloas and In coroual holas (‘nctandad traus 
of loa taup.mtum and danslty. 1 . Tha angnatlc flux appanrtng In tba fora 
of IRs Is S3 larva as appaars In rafulnr actlra rations, but tba orlantatlon 
of tba llaa connactlat the t«o polas of tba BRa Is alaost raadou - not nearly 
anst us s t as for tba largar actlra rations. It Is not claar boa tba IRs ara 
dlsparalat or dlanppaarlnt - tbalr llfatlna la only of tba ordar of } day. 

Dua to tba rnndon orlantatlon of tba IRs vary little order would be ex- 
pected In tha dlsparsloR flux fron decaylnt Ipbenernl Rations. Tba In- 
portnnca of tba IRs for tba present study arises fron tbe danonstrntlon 
that not all natnatlc structures and phenonenn necessarily dartre fron 
tba dynanlcs of axlstint actlre rations. It Is beconlnf Incranslntly 
apparent that alternatire Interpretations ara rlnble. Msyba the rarlous 
natnatlc structures are all synptons or byproducts of a nuubar of different 
p rac aa s a s oparatlat on a broad spactrua of tanporal and spatial scales. 

Sons of these processes nay bo coupled in ways we at tba present are coa- 
plataly unaware of. It Is certainly true that tba sun Is aora coaplax 
on all scales that wa tboutbt Just a few years ato. Tha concept of solar 
sector natnatlsn (Wilcox, 1971) and Its possible Interplay with other larta- 
scale fields (Sralfuird at al . . 1974) isolate but one aspect of this cosi- 
plaxlty. Tba larta scale - both spatial and t sapors 1 - of this aspect 
sut|w*ts that a sector structure is saont the funds asntsl prop- 
erties of tba sun and possibly also of other natnatlc stars. 

Ibe Inpllcatlon of tba sector concept as stated abowa Is that tba 
sectors ara not Just particular arrantanants of rsaaants of dlsparalnf 
actlra rations as discussed for Instance by Maasan at al . (1974), but 
ara fundamatal entitles created and ualatalnad iadapandantly of specific 
actlra ratlcas. Fbyslcal process^ that nay land to sactor-llbs ortan- 
Isatloa of Cba solar fields in and below tba pbotospbara hara bean dis- 
cussed hw a auabar of workara (c.f. Stlx, 1974; Suass, 1975; Wolff, 1975); 
we hara no assuraaoa that tba poasibllltlas ara exhausted by tba aB/*haalsas 
proposed so far. 
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V« Bern procMd to a quaatitatlv* ualysis of the sector sigasl that 

is BO Tleldly dlsplsysd is Plfure 1. The solsr ascBetocrsph dsts ess 

svsrs«sd over a r s es eoverlsc 10^ of loofltude sad 1/30 of the dlsseter 

of the disk Is latitude. This seans that the ordlaete of Figure 1 

actually Is expressed is ualts of sla b, ehere b Is the heliogrcphlc 

latitude. The costour llaea sere drava froa a 30 x 19 satrlx of ouabers 

each expreeslag the sserage flux deasity for that particular area. 

characterised by Its distaace froa a sector bouadary aad froa the equator. 

Because the sectors exteaded up to or slightly beyoad 30*’ of latitude, 

*e coaputed the aeerage flux deasity for each average 10° loagltude section 

o 

but lacludlag oaly areas within 32.2 of the equator, correspoadlng to 16 
strips of aadi 1/30 of a disaster. In Short, we are coaputing the lASld 
streogth within a solar aaguetic sector as fuactioa of distance froa the 
sector boundary. Again, data values greater than t S gauss were oaitTed. 

The result is shown in Figure 2, separately for (-f,-) and for (-,-f) sec- 
tor bouadaries. 

The flux density s eeas to attain Its aaxiaua value, about 0.5 gauss, 
soae teas of de g rees froa the sector boundary. The gradual clMnge acrosA 
the boundary nay be related to varlatioas in transit tine or to local 
deviations froa a perfect north-south sector boundary. We shall not coa- 
aent further on this problaa, but instead note that the field is not zero 
at the bouadary. In both cases a field strength of -0.C6 gauss is found. 

This discrepancy night be interpreted as a systeaatic error in thr deter- 
alnation of the sero4.evel for the solar aagaetagnq>h. This interpretatioa 
is supported by the finding by Scherrer (1973) that the corrolatioa between 
the pbotospberic nagnetic field aad the Interplanetary field was best as- 
suaing a zero-level of -0.10 t 0.06 for the solar field. The average field 
strength for the vbole disk during the Interval 1967-1973 was found to be 
-0.071 gauss by Howard (1976ai and night be interpreted as a zero-level erron Be- 
cause only the liae-of -sight coapoaent of the aagwetic field is obeerved, 
auch zero-level errors could arise frcsi systeaatic differences between 
the field incl last ions to the radial in the photosphere and are thus not 
necessarily purely iastruasatal , although they right very well be so. 

It seeas roasoaable to conclude that the typical field strength within 
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a 'olar ■acnetic aactor, aa obaarvod hy the Mt. Wilson maKnetograph, Is 
. O.S gauaa. Thla la very alallar to the typical magnitude of the 
field of the sun, l.e. the field obseirved using Just integrated sun- 
light with no apatial resolution at all (e.g. Scherrer, 1973). We again 

realnd the re<ider that what is roally observed in both cases is a flux 

21 

inbnlance of the order of 2 x 10 naxwells. Due to various systematic 

errors (e.g. Scherrer, 1973) this flux is probably too low by a factor 

of about 2, raising the typical average field strength to about 1 gauss 

21 

and the flux to 4 x 10 naxwells. It is interesting to note that about 

_5 

1.8 gauss is required to give the observed radial cosiponent of 4 x 10 
gauss of the interplanetary nagnetlc field near the earth a&juming a simple 
inverse-square scaling. We conclude that both the solar nagnetograph data 
aud the interplanetary field data Indicate a flux density of the order of 
1-2 gauss of the «>pen field lines that extend into the solar wind. This 
Is about one order of nagnltude snaller than the probable flux density 
in the sunspot zones within ± 40° of the equator (Howard, 1974b; Livingston 
and Harvey, 1975) indicating that aost field lines are closed very near 
the sun and that only about 10% of the flu:, is making up the Interplanetary* 
magnetic field. 

It was suggested by Svalgaard et al . (1974) that although sector bound- 
aries are north-south in the ^riiotosphere they lay be tilted away from the 
north-south direction at some distance from the sun. The various obser- 
vations of sector boundary indicators that were discussed In the beginning 
of the present paper nay be utilized to investigate possible tilts of the 
boundaries as a function of distance from the sun. We will discjss t’.e tilt 
in terms of the inclination of the boundary to the solar equator as measured 
at the plane of the solar equator. 

We shall first consider times away from sunspot maximum or more pre- 
cisely away from the polar field reversal. At such tines an interplanetary 
sector with the same polarity as the north (south) polar region is observed 
at the earth to be wider whon ’'■Le earth is to the north (south) of the 
equatorial plane of the sun and to be narrower when the earth is to the 
sou'4.h (north) of the solar equator. The magnitude of this Rosenberg- 
coieman effect (Rosenberg and Coleman, 1969; Hedgecock, 1975) is such as 
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to Indicate an inclination of about The atreaners observed by Howard 

and Kooaen (1974) between 3 and 10 solar radii from the center of the sun 
have been an indication of about 25°, while the streaawrs obaerved by Hansen 
etal. (1974) at 1.5 sular radii are inclined about 45° to the solar equa- 
tor. Finally in the photosphere - at 1.0 - the inclination is close to 

90°. 

Figure 3 sununarizes all these observations and leads to the suggestion 
that the inclination of the sector boundaries changes systeiaatically with 
distance from the sun as shown in the lower panel of Figure 3. Since most 
of the change takes place near the sun, we suggest that the sector structure 
of the Interplanetary magnetic field is confined to a rather thin region 
near the solar equatorial plane. The implication is that in most of the 
heliosphere the polar fields determine the polarity of the interplanetary 
magnetic field. Near the time of polar field reversal the <;ituat1nn la 
much less clear and the geometry of the field at such times remains an open 
problem. Out-of-ecllptic spacecraft at different phases of the sunspot 
cycle should be instrumental in resolving these problems. 
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FlM>to*ph«rlc aaeButlc umcxoT structur*. Ht. Wil&on 
aaenatic syBoptlc aap* ha** b**a suparpoaed around solar 
••etor bouadarlas (••* t*st). Invard polarity (-) 1* r«Hl : 
out*ard polarity (■•■) Is bln*. Tbe contour levels are to. 25. 
^.75, H.2S, ... cunss. Hi* upper panels sho* dats for tbe 
Indicated y«ars, while la tbe lowest panel tbe data for all 
years Is super p osed around respect ire boundaries. In this 
panel tbe polar fields are not shown In color because of the 
awemeiue of cancell lae fields fron different sunspot cycle 
phases. A snail uiarard polntlnc arrow points to the central 
nerldlan at the tine of sector boundary passac* at the earth. 


variation of nofnetlc field streniyth within solar sectors 
as function of distance fron sector boundaries. Tbe awerac* 
field of 10*^ wide longitude strips extendlnc fron 32 ^ South 
to 32 ° north is shown. The upper panel shows the result for 
227 (-«■,-) boundaries and the lower panel shows the result for 
227 (*■,-•-) boundaries. Tine runs fron left to rlcht in this 
Figure (as In Figure 1). The probable error of the *vrri{;c<i 
Is of the order of t 0.1 causs. 


Schanntlc suanarlzlng various observations of tbe In- 
clination of sector boundaries to the solar equator. See 
text for references. Short line segnents Indlcste the In- 
clination of tbe boundaries and are narked with the Inclina- 
tion angles to the left of the solar disk and with the helio- 
centric distances to tbe right. Tbe lower panel shows the In- 
clination, 1, as function of heliocentric distance. 
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